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Introduction
Symptoms of psychosocial distress have been associated with an increased risk of cardiac events [1] [2] [3] [4] .
However, little is known about the impact of positive affect. Positive affect refers to mood states such as joy, activity and cheerfulness [5] . Positive affect is not merely the opposite of negative affect [6] , as ª 2007 Blackwell Publishing Ltd 203 Original Article | people can experience positive and negative emotions at the same time [7] . Epidemiological research in middle-aged adults [8] and patients with coronary artery disease (CAD) [9] has confirmed that these emotions are relatively independent mood dimensions.
Positive affect may enhance immune function [10] and one's ability to achieve successful outcomes in life [11] , and dampen physiologic reactivity to stress [12] . Reduced positive affect has also been associated with an increased risk of mortality [13] and stroke [14] in community-based studies of older adults. By contrast, there is a paucity of research on the role of positive affect in surviving serious illness [5] . Positive affect may benefit survival in AIDS [15] and surgery [16] patients, but more research is needed on the effect of adequate versus reduced positive affect in cardiac patients. An advantage of studying positive affect is that CAD patients are not likely to describe themselves in terms of negative emotions alone. Accordingly, positive affect scales may be especially responsive to the effect of intervention [17] .
The current study investigated the role of positive affect in the clinical course of CAD patients who received percutaneous coronary intervention (PCI) with either a sirolimus-eluting stent (SES) or a bare metal stent (BMS) implantation, as part of the Rapamycin-Eluting Stent Evaluated At Rotterdam Cardiology Hospital (RESEARCH) registry [18] . The aim of this study was to compare the impact of positive versus negative affect on the risk of clinical events at 2-year follow-up of these patients.
Methods

Participants
The RESEARCH registry population comprised consecutive patients with CAD treated with PCI with either SES or BMS implantation between October 2001 and October 2002 [18] . This registry was designed to evaluate the efficacy and safety of SES implantation in patients treated with PCI in the 'real world' of interventional cardiology; no patients were excluded based on anatomical ⁄ clinical presentations, and 68% of the RESEARCH registry patients would not qualify for inclusion in clinical trials [19] . At 6 months post-PCI, all living patients were asked to complete a psychological questionnaire; 874 (71%) returned this questionnaire [20] . Nonresponders were younger, more likely to have a history of MI, to have diabetes and to be treated with ACE inhibitors, but less likely to have renal impairment or to be treated with b-blockers and aspirin than responders (all P < 0.05). The mean age of the present sample of 875 patients was 62.2 ± 10.9 years, and 72% (n = 629) were men; 41% (n = 358) were treated with SES. The study was approved by the local hospital ethics committee, and every patient provided written informed consent.
Symptoms of anxiety and depression
The two seven-item scales of the Hospital Anxiety and Depression Scale (HADS) were administered 6 months post-PCI to assess anxiety and depression symptoms [21] .
The HADS has been related to mortality in patients referred for exercise testing; a cut-off score ‡8 yields a good balance between sensitivity and specificity for both scales and was used to indicate probable anxiety and depression caseness [22, 23] .
Assessment of positive affect
Self-report depression ⁄ anxiety scales not only tap a broad range of negative affects in CAD patients but also (the absence of) positive affect [9] . Previous research in myocardial infarction patients showed that the HADS comprised three distinct factors, and found support for the use of a subscale to assess (the absence of) positive affect [24] . Accordingly, we also used exploratory factor analysis (i.e. principal components analysis with varimax rotation) to examine the notion that positive affect was distinctly different from negative affect in the present study. The scree-plot was used as a criterion for the number of underlying factors to extract. This analysis yielded two dominant affect factors that were assessed by the HADS measure, and a third, smaller factor. Four items of the HADS reflected a positive affect dimension as indicated by high loadings on factor I; i.e. being cheerful, looking forward with enjoyment to things, being still able to enjoy things and seeing funny side of things (Table 1) . Corrected item-total correlations ranging between 0.69 ⁄ 0.72 and Cronbach's a = 0.86 indicated a high internal consistency of this four-item factor. Previous research supports the use of a factor analytically derived HADS subscale to assess positive affect [24] ; by analogy, these four items were summed to comprise a Positive Affect score (range 0-12, mean 9.4, SD 2.9) in this study.
Factor II represented the negative affect dimensions of mood, and was also defined by four items: i.e. fears something awful will happen (item 3; factor loading 0.84), feelings of panic (item 13; loading 0.83), frequently worries (item 5; loading 0.75) and feels tense (item 1; loading 0.62). Factor III comprised three items reflecting relaxation; i.e. not bothered by restlessness (item 11; loading 0.80), feels relaxed (item 7; loading 0.69) and enjoys a good book or radio ⁄ TV program (item 14; loading 0.67). These items were summed to comprise Negative Affect (mean 3.1 ± 2.8; a = 0.85) and Relaxed Affect (mean 6.5 ± 2.1; a = 0.69) scores respectively.
Two of the three remaining HADS items loaded on the Positive Affect (items 8 and 10) and one on the Negative Affect (item 9) factor. These items had relatively lower item-total correlations, did not add significantly to the internal consistency of the corresponding scales and therefore were not included in the new affect subscales. Overall, we replicated the three-factor model of the HADS, but the Positive Affect subscale that we derived included four items, and not seven as previously described [24] .
Endpoint
The endpoint was a composite of death and MI 2 years post-PCI. Events occurring between PCI and psychological assessment were excluded as an endpoint from analyses. MI was diagnosed by a rise in the creatine kinase-MB level to more than three times the upper normal limit [25] .
Demographic, clinical variables and medication
Demographic variables included age and sex. Information on clinical variables was obtained from the patients' medical records at the time of psychological assessment. Clinical variables included stent type, multi-vessel disease (52%, n = 458), MI (37%, n = 327), coronary artery bypass graft (CABG) surgery (12%, n = 101) or PCI (25%, n = 219) prior to index event, hypercholesterolaemia (81%, n = 709), hypertension (39%, n = 339), smoking (31%, n = 273), renal impairment (creatinine £60 ml ⁄ min, 30%, n = 265) and diabetes (15%, n = 127). More than 95% of the patients were treated with b-blockers (n = 856), aspirin (n = 840) and clopidogrel (n = 830); statins (67%), calcium antagonists (47%) and ACE-inhibitors (26%) were also included.
Statistical analyses
Cox regression analyses were performed to investigate continuous scores on the positive affect, negative affect, depression and anxiety scales as predictors of clinical events. To enhance the clinical interpretability of findings on the role of affect measures in prognosis, similar analyses were used to examine the effect of a 1 SD decrease in positive affect on the clinical course following implantation of coronary stents. Hence, a score £7 (i.e. 1 SD below the mean Positive Affect score) was used to identify patients with anhedonia, which refers to markedly reduced positive affect [24] . In multivariable analyses, we adjusted for age, gender and clinical variables. All variables, including reduced positive affect, were entered simultaneously in the multivariable models. In post hoc analyses, diabetes and reduced positive affect were used to stratify patients by four risk groups. All statistical tests were two-tailed; P < 0.05 was used to indicate statistical significance. Hazard ratios (HR) with 95% confidence intervals (CI) are reported. Analyses were performed using spss (SPSS Inc., Chicago, IL, USA) for Windows version 12.0.
Results
Positive affect, depression, anxiety and clinical events
At 2-year follow-up, there were 52 clinical events (death n = 27, MI n = 25). In univariable analyses, higher scores of positive affect and relaxed affect were associated with a lower risk of clinical events (HR = 0.86 and 0.87 respectively), while higher scores of negative affect (HR = 1.14), depression (HR = 1.10) and anxiety (HR = 1.10) were associated with a higher risk of events (Table 2, top). However, a multivariable regression analysis indicated that positive affect (HR = 0.85), older age (HR = 1.94) and male sex (HR = 2.81) were the only independent predictors of clinical events, and that symptoms of depression, anxiety or other affect measures did not add significantly to this prediction model (Table 2, bottom).
Individual positive affect items and clinical events
To better understand which characteristics of positive affect were responsible for the observed health effect, we examined the relation between individual items and prognosis. The items being still able to enjoy things (HR = 0.51, 95% CI 0.40-0.66, P < 0.0001), being cheerful (HR = 0.62, 95% CI 0.47-0.80, P < 0.0001) and looking forward with enjoyment to things (HR = 0.66, 95% CI 0.51-0.86, P = 0.002) were significantly related to prognosis, adjusting for age and sex. There was a trend for the item seeing funny side of things (HR = 0.74, 95% CI 0.55-1.00, P = 0.053).
Reduced positive affect and clinical events
Using a score £7 (i.e. 1 SD below the mean) as a cut-off, 211 patients (24%) were classified as experiencing reduced positive affect. These patients had a significantly increased rate of 2-year clinical events (23 ⁄ 211 = 11%) when compared with patients with an adequate positive affect (29 ⁄ 663 = 4%); OR=2.84, 95% CI 1.59-5.07, P < 0.0001, adjusted for age and sex. Conversely, a high positive affect score (i.e. 1 SD above the mean) was associated with a decreased risk of clinical events (OR = 0.33, 95% CI 0.15-0.72, P = 0.005). However, a multivariable model only retained reduced positive affect as independent predictor of events (P < 0.0001). There was a trend for high positive affect (P = 0.064).
Demographic and clinical predictors
In univariable analysis, multi-vessel disease (P = 0.045), previous CABG (P = 0.005), diabetes mellitus (P = 0.008) and ACE-inhibitor therapy (P = 0.032) were significantly related to an increased risk of death ⁄ MI at 2-years follow-up (Table 3 , top). There was also a trend for age ‡60 years (P = 0.055), male sex (P = 0.069) and previous MI (P = 0.069). In multivariable analysis, diabetes mellitus (HR = 2.42), previous CABG (HR = 2.36), male sex (HR = 2.28) and age ‡60 (HR = 2.03) emerged as independent predictors of prognosis (Table 3 , bottom); there was a trend for smoking (P = 0.057). These variables were included in the following analyses.
The prevalence of reduced positive affect was different as a function of demographic characteristics; i.e. this prevalence was significantly lower in men when compared with women (Table 4) . There was also a trend for older age to be associated with reduced positive affect (P = 0.081). However, reduced positive affect was not significantly associated with smoking, previous CABG or diabetes.
Independent predictors of cardiac events
To determine whether reduced positive affect and the clinical variables that emerged from previous analyses were independent predictors of prognosis, we entered these factors in a multivariable regression model. The final Cox regression model indicated that reduced positive affect was associated with a more than 150% increase in risk of clinical events, adjusting for clinical and demographic variables (Table 5) . Diabetes, previous CABG, male sex and older age (all with an increase in risk >100%) were also independent predictors of events in this regression model.
Diabetes and reduced positive affect subgroups
Because diabetes and reduced positive affect emerged as two independent predictors of clinical Number of subjects appears within parentheses.
events, we examined the combination of these factors in relation to prognosis in post hoc analyses. Patients were stratified by four subgroups: no diabetes and adequate positive affect (n = 572), diabetes but adequate positive affect (n = 91), reduced positive affect but no diabetes (n = 175) and both diabetes and reduced positive affect (n = 36). Patients with no diabetes but reduced positive affect had a similar risk of clinical events when compared with patients with diabetes but adequate positive affect (P = 0.81); the effect of reduced positive affect on prognosis was equal to that of diabetes (Fig. 1) . Patients with either diabetes or reduced positive affect had a higher risk when compared with nondiabetic patients with adequate positive affect (HR = 2.84, 95% CI 1.58-5.10). Those with both diabetes and reduced positive affect were in the highest risk group (HR = 5.61, 95% CI 2.25-13.99).
Discussion
The impact of negative emotions has been studied extensively in the context of CAD. By contrast, the potential role of positive emotions on clinical outcome has been neglected. In the current study, we found that the incidence of death ⁄ MI 2-year post-PCI was significantly higher in patients with reduced positive affect, with the risk being more than twofold adjusting for demographic and clinical factors. Of note, reduced positive affect was a risk factor on par with diabetes, an established, biomedical risk factor. Stratification of patients by reduced positive affect and diabetes showed that patients with both risk factors had a significantly higher risk compared with the presence of one or neither of these risk factors.
Unresolved issues in coronary-artery stenting include the adverse effect of diabetes on the clinical course post-PCI [26] . The present findings confirm this, but also suggest that markedly reduced positive affect may have an adverse effect as well. Constructs that are related to positive affect such as positive self-perceptions [27] and emotional well-being [28] have previously been associated with increased longevity in older community-dwelling individuals, and optimism has been related to a significantly reduced risk for cardiac events [29] . There is also some evidence to suggest that the relative lack of positive emotions may be a better predictor of clinical outcomes than negative emotions [13, 14, 28] . Accordingly, we also found that the presence of negative emotions, in addition to reduced positive affect, did not increase the level of prediction of clinical events. These findings suggest that future research should focus more on the role of anhedonia, as indicated by the relative inability to enjoy things or to be cheerful, in the prognosis of CAD patients.
CAD patients may be more likely to recognize themselves by means of a combination of negative and positive emotions rather than negative emotions alone. Positive affect is not merely the opposite of negative affect [6] ; rather there seems to be a relative independence of positive and negative affect in CAD patients [8, 10] , which the factor analysis of the HADS in the present study also confirmed. Hence, positive affect needs to be assessed in its own right. For example, future randomized trials may benefit from the assessment of basal positive affect levels.
There are several potential pathways through which positive affect could influence health, although at this point they remain speculative as they are yet to be tested empirically. One pathway is health-related behaviours, that is the adoption of more health-promoting practices, such as exercising or getting sufficient sleep [5] . The autonomic nervous system comprises another mechanism, with positive affect probably altering the activity of the sympathetic nervous system in turn leading to decreases in heart rate and blood pressure [5, 12] . The hypothalamus-pituitary-adrenal axis may also be involved, as induction of positive mood states has been shown to lead to reduction in cortisol levels [5] . In turn, cortisol regulation is important in immune functioning. In a recent study, Steptoe et al. showed that happiness was inversely related to inflammation, heart rate (although in men only) and cortisol levels [10] . These factors have all been associated with cardiovascular prognosis.
This study has several limitations regarding the causality and conclusiveness of its findings. First, the psychological questionnaires were administered 6 months after stenting because of logistic reasons [20] . This may have biased our results; i.e. there may have been a number of high positive affect individuals who died in the first months post-PCI, before the assessment of positive affect took place. It is also possible that patients who reported more positive affect at this time point were doing so because they had less recurrence of angina or other health problems following successful PCI. However, the study did not include a measure of symptoms at 6 months after stenting, making it impossible to control for the effect of cardiac symptoms at this point in time. Secondly, nonresponders differed from responders on baseline characteristics, and therefore the results may not be generalizable to the total sample. Thirdly, we did not have information on the cause of death, and the combined endpoint included MI as well as all types of death. Fourthly, we had no information on healthrelated behaviours, apart from smoking, that potentially may explain the relation between affect and health outcome.
Finally, the scale used in this study may not be a typical measure of positive affect; i.e. it includes one affective item (cheerful), two items reflecting the ability to enjoy things (or lack of anhedonia) and one on humour. Nevertheless, the technique that we used to construct a positive affect measure has also been used by others in studies that have factor analysed the Center for Epidemiologic Studies Depression Scale (CES-D) to derive a positive affect component.
add to the level of prediction of clinical events above and beyond positive emotions and demographic and clinical risk factors. In addition, reduced positive affect was a risk factor on par with diabetes, with patients with both risk factors forming a high-risk group. The present results highlight the importance of looking beyond depression and other negative emotions and also focusing on the relative lack of positive emotions in CAD research and clinical practice. The results also suggest that subgroups of patients, such as those with diabetes and reduced positive affect, may not benefit from coronary-artery stent implantation on par with other patients. Finally, this points to a new target for behavioural interventions, namely focusing on enhancing positive affect.
